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ABSTRACT
Meloldogyne Incognita (Ml) and Rotylenchulus reniformls (Rr) 
Interactions on sweet potato were studied In the greenhouse and in 
naturally and artificially infested field plots for 3 years. In a 
naturally infested field, negative correlations were found between early 
Mi and subsequent Rr, and early Rr and subsequent Mi counts. In field 
plots with a high natural population of Rr (2700/250 cm3 soil 8 April), 
artificial infestation with high levels of Mi (4000/250 cm3 in upper 30 
cm) in both fumigated and nonfumigated treatments inhibited Rr, while 
the final Mi population was not affected. In various greenhouse tests, 
using inoculum levels of 500-10,000 Mi eggs and/or Rr eggs or larvae + 
young adults per 15 cm pot, and times from 45 to 95 days, Rr was 
inhibited by Mi, while Mi was not affected by Rr. In field plots 
fumigated with methyl bromide and then infested with low levels of Rr, 
Mi, and Rr + Mi (100/250 cm3), final populations of Mi were inhibited by 
Rr but Rr was not affected by Mi. In greenhouse tests, fibrous root 
weights of plants inoculated with Rr + Mi frequently were higher than 
those inoculated with Mi alone, indicating an early suppression of Mi 
and/or root stimulation by Rr. Rr + Mi failed to affect each other when 
inoculated simultaneously onto root systems developed in separate pots 
from different nodes of the same plant. After shoot excision, Rr 
increased in the soil but Mi decreased. Results from field studies 
indicate that a competitive interaction exists with each species capable 
of inhibiting the other. In natural infestations, Rr predominance may 
be favored by a much higher survival rate between crops. Effects of the 
nematodes on yield were not significant either alone or mixed. Both
vii
nematodes increased cracking of the sweet potatoes, but mixed 




Root-knot Nematode and the Sweet Potato
Root-knot infection and damage to sweet potato! Root-knot nematode 
Injury to sweet potato waB probably first observed by Elliot (23). He 
illustrated nematode Injury to sweet potato with a deformed, cracked 
fleshy root. Yield losses due to root-knot were described by Weimer and 
Harter (81), and Poole and Schmidt (65). Poole and Schmidt (31) 
described a susceptible reaction to root-knot on Nancy Hall sweet potato 
as having prevalent knots on the small fibrous roots from pinpoint to 3 
mm diameter, knots on small fleBhy roots also large and protruding, and 
knots usually not well developed on large fleshy roots. In most 
instances roots were badly malformed with deeply indented, rough scabs, 
associated with newly developed sprouts that had been attacked and 
destroyed. Adult females were abundant in knots on roots, and in large 
and small fleshy roots, and along the margins of large physiological 
cracks. The point of entrance into the potato appeared to be around the 
new sprouts or the root eruptions on the sides of the potato. Infection 
was most severe in cracked tissue. In Jersey varieties, the few 
infected areas were distinctly scablike but not indented. Infection was 
very slight and confined mostly to the ends of small roots.
These observations were confirmed by the histological studies of 
Krusberg and Nielsen (47). They listed three major infection courts: 
young root tips, lateral root ruptures, and surfaces of cracks. The 
site of feeding in young root tips was the stele in the region of cell 
elongation, the cambial zone In lateral root ruptures, and the 
parenchyma in crack surfaces. Feeding stimulated formation of giant 
cells, abnormal xylem, hyperplastic parenchyma, and cork. In roots
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undergoing secondary growth, constrictions developed at siteB of 
numerous infections, particularly around lateral roots. Root cracking 
also was correlated with the lateral root infections.
A number of factors have been associated with cracking in sweet 
potato. Willis (82) reported that cracking was decreased by application 
of borax to the soil. Others (49) found no association of borax with 
cracking, but boron apparently was not a limiting factor in their soil. 
They found that heavy applications of lime and high levels of nitrogen 
increased incidence of cracking. Scott (68) thought that rainfall in 
amount and distribution was probably the main factor involved in 
cracking, but also associated root-knot nematodes with cracking. Mullin 
(59,60) reduced cracking of Porto Rico Bweet potato in a root-knot 
infested field through soil fumigation with dichloropropene- 
dichloropropane. In a greenhouse test, he obtained cracking in roots 
inoculated with root-knot but not in control roots. El-Kattan and Stark 
(22) found varietal differences in susceptibility to cracking and 
related them to anatomical differences. They attributed cracking to a 
faster rate of expansion of the vascular cylinder in relation to the 
expansion of the cortex and periderm. Ogle (63) found that plants 
subjected to prolonged periods of severe drought (4-6 weeks in July and 
August) followed by heavy and continued irrigation produced a markedly 
greater amount of cracked roots than plants grown under conditions of 
natural rainfall (no severe drought period). Cracking was increased by 
high nitrogen, and decreased slightly by dlchloropropene-dichloropro- 
pane fumigation. Also larger sized roots had a greater tendency to 
crack than smaller sized roots and the percentage increased as the 
season progressed. He suggested that any factor which contributes to an 
unbalanced growth rate including moisture deficits, damage by
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nematodes and other organisms, and nitrogen fertilization may contribute 
to cracking. Many workers have found a correlation between a reduction 
in nematode population in the field with a soil fumigant such as DD, and 
a reduction in percent cracked roots (47,61).
The Search For Resistant Cultivars; Weimer and Harter (81) studied 
varietal resistance of eight sweet potato varieties to root-knot 
(Heterodera radicicola (Greuf.) Muller) in a naturally infested field 
and reported Jersey and Porto Rico varieties more resistant than Nancy 
Hall or Red Brazil. Poole and Schmidt (65) rated Big Stem Jersey, Red 
Jersey, Yellow Jersey, and Porto Rico as very slightly infested, Triumph 
as slightly to moderately Infested, Southern Queen as severely infested, 
and Nancy Hall as very severely infested. Tyler (79) observed heavy 
infestation and severe cracking of Porto Rico. Kushman and Machmer (48) 
rated the Jersey types as the most consistantly resistant varieties 
studied to Heterodera marioni (Cornu) Goodey, while Porto Rico and its 
selections and mutants (Unit 1, Mameyita, Porto Blanco, Kansas 40) were 
Intermediate between the Jerseys and the highly susceptible Nancy 
Hall-Red Brazil group.
The resistance of the Jersey varieties led to their use in breeding 
programs (17). Orlis, a high carotene mutation of Little Stem Jersey 
selected in Kansas in 1937 (24), was an important source of root-knot 
resistance because of its flowering ability. Most Jersey types did not 
flower. Orlis was used in the Oklahoma breeding program in crosses with 
a Nancy Hall type to produce Nemagold, the first root-knot resistant 
cultivar produced by hybridization. Nemagold was released in 1953 (2). 
Other root-knot resistant varieties included Heartogold (54) and Kandee 
(25). Tinian was a root-knot resistant introduction from the south
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Pacific Islands first used by breeders in California (31). Jewel was 
released by North Carolina State University in 1970 (34), and Jasper, a 
moderately resistant variety was released in 1974 (35).
Nature and Inheritance of Resistance; Dean and Struble (19) 
associated a hypersensitive reaction, root tip necrosis, with resistance 
in Orlis. Root-knot larvae were observed to enter root tips of both 
resistant and susceptible sweet potatoes (69,19). Nematodes entering 
resistant sweet potato produced necrosis after Beveral days, and usually 
failed to reach maturity and died.
Cordner, et al. (16) found that crosses between resiBtant x 
resistant parents resulted in offspring that were about 50% resistant, 
30% intermediate, and 20% susceptible. Crosses between resistant and 
susceptible parents resulted in about equal numbers of resistant, 
intermediate, and susceptible offspring, and crosses between susceptible 
x susceptible resulted in 10% resistant, 25% intermediate, and 65% 
susceptible. Their classification was based on root injury and number 
of root-knot females in fleshy roots. Similar ratios were obtained by 
Misuraca (58).
Gentile, Kimble, and Hanna (31) found that Tinian, a resistant 
introduction from the south Pacific contributed to its progenies three 
distinct reactions: 1) hypersensitivity to Meloldogyne javanica and
Meloidogyne incognita, 2) resistance without necrosis to both species, 
and 3) resistance without necrosis to M. javanica only. He suggested 
that non-necrotic resistance was superior to hypersensitive resistance. 
Previous to Chitwood's revision of the genus Meloidogyne, all root-knot 
nematodes were considered the same species (14). He described five
6
species and one subspecies. Sasser (67) listed Maryland Golden as 
resistant to M. javanica and M, arenarla and susceptible to M. 
incognita, M. incognita var. acrlta, and M. hapla. Kirby et al. (45), 
found that Allgold was parasitized by some populations of M. arenarla, 
and by both populations of M. javanica tested. Giamalva et al. (32) 
found that reactions of resistant and susceptible cultivars varied with 
different species of root-knot and with different isolates of the same 
species. Subculturing females of M. incognita that reproduced on 
resistant Heartogold resulted in increased virulence.
Davide and Struble (18) selected single egg masses of M. incognita 
that developed on resistant Nemagold in the field and through repeated 
subculturing and selection of single egg masses, gradually increased the 
pathogenicity and developed isolates that would attack Nemagold and 
other resistant varieties very severely. Martin and Birchfield (51) 
made further observations of the variability of M. incognita on sweet 
potatoes. A race severely pathogenic to soybeans failed to mature on 
Centennial sweet potato. L4-73, a sweet potato line resistant to 
Louisiana populations of M. incognita was severely attacked in Maryland 
by a population that also attacked Centennial.
Struble, et al. (74) and Misuraca (58) both concluded that 
resistance to root-knot was inherited in a multifactorial, quantitative 
manner, showing a partial dominance.
Studies of effect of temperature on the development of M. incognita 
in resistant and susceptible sweet potato (39,40) showed that 
penetration increased with increasing temperature for both resistant and 
susceptible varieties but was significantly higher in the susceptible 
variety. The length of the life cycle decreased with increasing
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temperature from 24 to 28 to 32 C. Fewer eggs were deposited in 
Nemagold than Allgold. The hypersensitive reaction in Nemagold was 
greater at lower temperatures. The correlation between length of time 
the roots were allowed to grow in the soil prior to inoculation and the 
number of larvae recovered from the roots after inoculation was positive 
for Allgold and negative for Nemagold. Therefore, a root exudate 
repellent to M. incognita, was proposed as a basis for resistance to M. 
incognita in sweet potatoes (40).
Because of flowering, sterility, and incompatibility systems, much 
sweet potato breeding has been accomplished through a polycross system. 
Recently, a mass selection system combining multiple resistances to 
pathogens, nematodes, and insects has been developed (20,43). Through 
this program, breeding line W-51 has been developed with resistance to 
both the common race of M. incognita and the resistance breaking race 
reported by Martin and Birchfield (51) that was pathogenic on line L.4-73 
(21).
Renlform Nematode on Sweet Potato
The earliest report of an association between sweet potato and 
renlform nematode (Rotylenchulus reniformis) was by Peacock (64) who 
described it as a highly suitable host in 1956. Martin (50) was the 
first to warn that renlform could cause serious damage to sweet potato. 
Roots from infested soil in a greenhouse test were described as sparse, 
necrotic, discolored, and with very few feeder roots. Using 
nematlcides, Birchfield and Martin (4) were able to greatly increase 
yields of sweet potato in a renlform infested field. Damage varied with 
Initial population and seasonal increase. Martin, et. al. (52) compared
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sweet potato varietal reaction to the reniform nematode based on 
population increase. All cultivars tested supported reproduction 
including root-knot resistant cultivars such as Heartogold and Nemagold. 
Goldrush was found to be a much less suitable host for reproduction of 
reniform. Reniform fed abundantly on the small sweet potato feeder 
roots and caused severe reduction in yield and quality, and possible 
yellowing of foliage (5). Clark et al. (15) found that Goldrush sweet 
potato, one of the cultivars least suitable for reproduction of 
reniform, was actually one of the most sensitive to damage. Cracking of 
sweet potato fleshy roots in the field also was associated with renlform 
nematode where previously it had been associated only with root-knot 
damage. Cracking was significantly reduced using soil fumigation in a 
reniform infested field (15). Gapasin and Valdez (29) also observed 
cracking of sweet potato fleshy roots in a greenhouse study of reniform 
pathogenicity.
In a histological study (3) enlarged reniform females were observed 
embedded in the small feeder roots feeding in the pericycle. Pericycle 
cells of Centennial sweet potato near the feeding site were three times 
normal size, had enlarged nuclei, nucleoli, and granulated cytoplasm. 
Sweet potato storage roots were not Infected. Further observations of 
sweet potato root tissue reactions to the reniform nematode (84) 
revealed that the young females penetrated intercellularly and fed in 
the endodermis where a single endodermal cell hypertrophied forming a 
giant cell at the nematode head, and a curved sheet of hypertrophied 
pericycle cells formed seven to ten cells on either side of the feeding
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site. Enlargement of phloem cells at the Infection point caused 
crushing of the cambium layer and compression of the xylem vessels.
Nematode - Nematode Interactions
Plant parasitic nematodes frequently occur in multispecific 
complexes in the field. Nematode-nematode interactions have been 
studied for the most part in the greenhouse or the laboratory with few 
field or microplot studies. Interactions have been studied between 
nematodes of various parasitic habits, including ectoparasites and 
endoparasltes, and migratory and sedentary endoparasites.
Interactions between the root-knot nematode, a sedentary 
endoparasite, and the lesion nematode, a migratory endoparaslte, have 
been studied most extensively. In a three year field study, Graham et. 
al. (33) rated tobacco roots for root-knot galling (Meloldogyne 
incognita acrita) and lesion nematode injury (Pratylenchus spp.) to 
small secondary roots. They found lower levels of root-knot severity 
and higher levels of lesion nematode injury than expected and suggested 
a possible competition between the two nematodes with the lesion 
nematode dominant. A number of greenhouse studies have been done 
concerning the interactions of various Meloidogyne and Pratylenchus 
species. Johnson and Nusbaum (42) found brachyurus inhibited M. 
incognita reproduction after 50 days on one root-knot susceptible 
tobacco cultivar but not on another. Pratylenchus brachyurus was 
inhibited by M. incognita on root-knot susceptible tobacco but not on 
root-knot resistant tobacco. EBtores and Chen (26), working with 
Pratylenchus penetrans and M. incognita on tomato found mutual 
inhibition of reproduction after 50 days when tomato plants were
10
inoculated simultaneously with 1000 lesion nematodes and 2000 root-knot 
larvae. No significant difference due to timing of Inoculation was 
found in the inhibition of lesion by root-knot when 1000 lesion 
nematodes were inoculated ten days prior to, at the same time, or ten 
days after 1000 root-knot larvae. Also a higher inoculum level (3325) 
of root-knot inhibited lesion more than a lower level (1000).
Sikora, et al. (70) found numbers of Meloidogyne naasi were 
significantly reduced after six and ten months with £. penetrans and 
Tylenchorhynchus agrl on creeping bent grass. J?. penetrans and TT. agri 
were not significantly affected by M, naasi. After 96 days, Gay and 
Bird (30) found I*, brachyurus was significantly higher in the soil and 
roots and Meloidogyne incognita was significantly lower in soil and 
higher in roots when the two species were combined on cotton. In ground 
beds after 199 days, numbers of lesion nematode extracted from roots 
were increased and numbers of root-knot larvae decreased. Van Gundy and 
Kirkpatrick (80) reported that Meloidogyne javanica was inhibited by 
Pratylenchus scribneri, Trichodorus christei, and Hemicycliophora 
arenarla after 90 days on tomato.
Short term laboratory studies of root-knot and lesion nematode 
penetration into roots showed variable results. Estores and Chen (26) 
showed that penetration of JP. penetrans was reduced and penetration of 
M. incognita was not affected when the two nematodes were on the same 
tomato roots or on opposite sides of tomatoes with split root systems. 
Turner and Chapman (78) reported £. penetrans was not affected and M. 
incognita penetration was reduced on red clover and alfalfa in a Petri 
dish test. Later (12,13) they reported that penetration of P̂.
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penetrans and M. incognita were not affected by each other. Gay and 
Bird (30) reported no significant differences in penetration of 
concomitant and single inoculations of P. brachyurus and M. incognita on 
cotton.
Several studies have been done on interactions between root-knot 
and cyst nematodes (Heterodera spp.). Ross (66), using microplots with 
soybeans reported that M. incognita was suppressed by Heterodera 
glycines and root-knot suppression varied Indirectly with the initial 
population of root-knot. H. glycines was affected only by high Initial 
root-knot populations only during the latter part of the season and was 
unaffected by low initial root-knot populations. Jatala and Jensen (37) 
in a 30 day greenhouse study on sugar beet found no Inhibitions when 
Heterodera schactii and Meloidogyne hapla were inoculated at the same 
time, a suppression of gall formation when cyst preceded root-knot by 10 
days, and an increase in cyst numbers when root-knot preceeded cyst by 
10 days. Also, each nematode developed normally and produced its own 
characteristic pathological tissue independently (38).
Studies of interactions between root-knot and lance nematodes 
(Hoplolaimus spp.) generally have shown Inhibition of root-knot. Bird, 
et al. (6) reported that Hoplolaimus columbus replaced M. incognita as 
the predominant species in a Georgia cotton field. Yang, et al. (83) in 
a 63 day greenhouse test on cotton found M. incognita was reduced by H. 
galeatus and Belonolaimus longicaudatus and both lance and sting 
nematodes were inhibited by root-knot. On cotton after 30, 60, and 90 
days, M. incognita was suppressed by H. columbus and H. columbus was 
Increased (46).
12
Miller (55) and Miller and Wlhrheim (57) found mutual suppression 
between Heterodera tabacum and £. penetrans on tobacco when they mixed a
soil naturally infested with cyst nematode with a soil naturally
infested with lesion nematodes. Freckman and Chapman (28) found no 
effect on penetration rate when Heterodera trifolii was combined with £. 
penetrans.
Two migratory endoparasites, Radopholus similis and Pratylenchus
coffeae were found to be mutually inhibitory on citrus seedlings after
10-15 months (62).
Chapman (11) studied lesion (P. penetrans) and stunt 
(Tylenchorhynchus martini) nematode interactions in the greenhouse on 
red clover and alfalfa and found stunt was inhibited by lesion nematode 
but lesion was unaffected. Miller and McIntyre (56), however, found 
that Tylenchorhynchus claytoni inhibited the penetration of penetrans 
in both concomitant and split root inoculations.
Johnson (41) found mutual inhibition between ring (Criconemoides 
ornatus), stunt (£. martini) and sting (B. longicaudatus) nematodes on 
bermuda grass after 155 days.
Ferris et al. (27) found mutual inhibition between two species of 
lesion nematodes, P̂. penetrans and P. alien!, and that £. alien! was 
inhibited more, possibly due to a higher female to male ratio for £. 
penetrans. McGawley (53) found that population development of 
Paratylenchus projectus was repressed in combination with simile and 
Helicotylenchus pseudorobustus. Criconemoides simile and H. 
pseudorobustus reproduced as well in combination as when alone, and were 
not affected by I?, pro.lectus.
Root-knot and Reniform Interactions
Root-knot and renlform nematodes are distributed worldwide, 
particularly in the tropics and subtropics. They frequently occur 
together in the same field and both have very wide host ranges.
Holtzmann and Ishii (36) found soil fumigants to be relatively effective 
in reducing renlform and root-knot in a lima bean field naturally 
infested with both species in Hawaii. Singh and Farrel (73) reported 
reniform occurring in large numbers around papaya roots with small 
numbers of Meloldogyne spp. and Helicotylenchus spp. in Trinidad. A 
survey (71) showed Meloidogyne incognita and Rotylenchulus reniformis to 
be among the most common plant nematode genera in Trinidad. Brathwaite 
(7) obtained significant yield increases of sweet potato using DD soil 
fumigant in Trinidad in a field where reniform was the most abundant and 
apparently the most damaging species and root-knot was second. 
Abdel-Rahman (1) noted that root-knot and reniform nematodes have been 
found together in many potato fields in Egypt. Castello et al. (8,9) 
observed that M. incognita and R. reniformis were the predominant genera 
of plant parasitic nematodeB in the Philippines. Taylor, et al. (77) 
found root-knot and reniform together in an experimental sweet potato 
plot and on nearby Baobab trees in Dakar, Senegal. Castello, et al.
(10) observed that reniform was the predominant species in his legume 
fields and that root-knot was present but stayed at low population 
densities. He attributed this to water saturation in the poorly drained 
soil and to possible competition between the two nematodes. A few 
controlled studies have been done in the greenhouse on possible 
interactions of R. reniformis with various Meloidogyne spp. Singh (72)
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inoculated soybean seedlings with 1000 R. reniformis or M. incognita
larvae, and after 70 days extracted significantly less reniform from 5 g
root samples inoculated with reniform + root-knot than from reniform
alone. No significant difference was found between the number of
root-knot extracted from roots inoculated with root-knot or root-knot +
renlform. Kheir and Osman (44) inoculated one month old tomato
seedlings with 1000 R. reniformis and/or M. incognita larvae and after
30 days found a suppression of root-knot by reniform but reniform
appeared to be unaffected. Taha and Kassab (76) inoculated cowpea
>seedlings with 1, 2, or 3 M. javanica egg masses and/or 50, 100, 150 R. 
reniformis egg masses and after 60 days got inhibition of M. javanica 
but not II. reniformis on the basis of numbers of females in stained 
roots. In a hlstopathological study (75), the root tissue reactions in 
cowpea induced by R. reniformis and M. j avanica remained unique even 
when they were feeding in close proximity.
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I. POPULATION DYNAMICS AND EFFECTS ON SWEET 




Meloldogyne Incognita (Mi) and Rotylenchulus reniformis (Rr) 
interactions on sweet potato were studied in naturally and artificially 
infested field plots for 3 years. In a naturally infested field, early 
season counts of Mi or Rr were positively correlated with later counts 
of the same nematode, but negative correlations were found between early 
Mi and subsequent Rr, and early Rr and subsequent Mi counts. In field 
plots fumigated with methyl bromide and then infested with low levels of 
Rr, Mi, and Rr + Mi, final populations of Mi were significantly 
inhibited by Rr but Rr was not affected by Mi. In field plots with a 
high natural population of Rr, artificial infestation with high revels 
of Mi in both fumigated and nonfumigated treatments inhibited Rr, while 
the final Ml population was not affected. Results indicate that a 
competitive Interaction exists with each species capable of inhibiting 
the other and becoming the predominant population. Effects of the 
nematodes on yield were not significant either alone or mixed. Both 
nematodes Increased cracking of the sweet potatoes but mixed populations 
did not differ in incidence of cracking from either Rr or Mi alone. Key 




MeloidoRyne Incognita (Kofoid and White) Chitwood and Rotylenchulus 
reniformis Linford and Oliveira are two of the predominant nematodes in 
tropical and subtropical areas worldwide, and commonly occur together in 
the same field and on the same host (1,14, 22,27). Little information 
is available, however, on their possible interactions on a particular 
host. If crop damage is to be predicted based on nematode population 
counts, then an understanding of nematode behavior in polyspecific 
complexes is important.
M. incognita is a serious pathogen of sweet potato (Ipomoea batatas 
Poir.) that has been observed to reduce root yields (17) and has been 
associated with severe root cracking (20). Resistant cultivars have 
been developed (10,11,13). R. reniformis also has been associated with 
significant yield losses and reduced quality of sweet potatoes (3). 
Recently, it was found that cracking of fleshy roots in the field and 
the greenhouse was associated with reniform nematode and could be 
reduced significantly by soil fumigation (9,12). So far no resistant 
cultivars have been found. Goldrush was reported to be a poor host for 
reproduction of reniform (19), but also is one of the most sensitive 
cultivars to damage by reniform (9)•
Several authors have observed that reniform was the most abundant 
species in a field while root-knot stayed at low population densities 
(5,7). Several greenhouse studies on possible interactions between It. 
reniformis and Meloldogyne spp. gave contradictory results. Sometimes 
reniform reproduction was inhibited by root-knot while root-knot 
reproduction was not affected (23). In other studies, root-knot was
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inhibited and reniform was not affected (16,25). In a histopathological 
study on cowpea (24), root tissue reactions induced by II. reniformis and 
M. javanlca remained distinct even when feeding in close proximity.
Soil sampling in a 10 year sweet potato rotation experiment (Martin 
and Birchfield, unpublished) in a field infested with both R. reniformis 
and M. incognita suggested that reniform became the predominant species 
while root-knot declined. The objective of this study was to determine 
if an interaction exists between reniform and root-knot and if so its 
effects on yield and quality of sweet potatoes. Abstracts of this work 
have been published (28,29).
MATERIALS AND METHODS
Experiments were conducted on an Olivier silt loam infested with R. 
reniformis and M. incognita at Baton Rouge, Louisiana in 1979, 1980, and 
1981. Sweet potatoes were grown on ridges 30 cm high and 61 cm wide 
with 122 cm row spacing. Plots were 3.7 m long, planted with 10 
terminal vine cuttings 30 cm apart, and separated by 122 cm alleys.
Soil samples were taken approximately every 30 days using a 2 
cm-diameter soil probe with 5 probes per plot to a depth of 15-20 cm. 
Samples were extracted for 4 min. using a semiautomatic elutriator. 
Nematodes were passed through 425 ym sieves into a sample splitter and 
1/5 of the sample was collected on 38 ym sieves. The 38 ym sieve 
fraction was then processed using centrifugal flotation (sucrose sp. gr.
1.18) (15). Root fragments collected on the 425 ym sieves were 
extracted in 0.525% sodium hypochlorite for 10 min. for estimation of 
root-knot and reniform egg populations (6,8).
The 1979 field test was conducted in a field naturally infested 
with R. reniformis and M. incognita. The experimental design was a 
complete randomized block with six replications and six cultivars (Porto 
Rico, Travis, Centennial, Goldrush, Jasper, and Jewel). Plots were 
planted on 18 May, soil was.sampled 29 March, 18 May, 18 June, 17 July, 
and 17 August, and plots were harvested 17 September.
In 1980 and 1981 field plots were established by artificial 
infestation of plots after fumigation with 134 kg/ha Terr-O-Gas 67 (67% 
methyl bromide, 31.8% chloropicrin) injected 20 cm deep, using a single 
chisel. The beds were covered with 1.5 mil black polyethylene until 10 
days prior to planting. Ethoprop (6EC) was sprinkled at the rate of
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7.0 kg a.i./ha between the beds in 1980. Both testa were set up as 
completely randomized block designs with 4 replications in 1980 and six 
in 1981. Three cultivars, Porto Rico, Jasper, and Goldrush, were 
planted in 1980 and Porto Rico alone was planted in 1981. Treatments 
Included inoculation with root-knot alone, reniform alone, root-knot + 
reniform, and noninoculated.
Inoculum of a Louisiana population of M. incognita (race 1) was 
increased by inoculating 23-day-old Rutgers tomato seedlings in 15 
cm-diam. pots with 10,000 eggs. After 43 days, soil in pots was 
combined, and Infested roots were cut in small pieces and mixed with the 
soil. The egg and larval population in the soil and roots was estimated 
and uninfested tomato soil was used to dilute the inoculum. For the 
1980 test, inoculum of a Louisiana population of reniform was increased 
by inoculating Centennial sweet potato plants in 15 cm-dlam. pots with 
infested reniform soil from a greenhouse population 5-6 months prior to 
planting. For the 1981 test, flats of reniform- infested field soil 
were collected on 18 February, brought to the greenhouse, and planted 
with Porto Rico sweet potato cuttings for nematode increase. Prior to 
inoculation, infested soil from pots or flats was combined and roots 
were cut up and mixed with the soil. Field plots were infested by 
distributing the root-knot and/or reniform inoculum across wide furrows 
made in the beds. The beds were then reformed and planted. The 
inoculum level for both years was estimated as 100 root-knot or reniform 
per 250 cm3 soil in the upper 30 cm. Unlnfested soil and tomato roots 
were added to all plots. In 1980 field plots were infested and planted 
5 June, sampled for nematodes 27 June, 4 August, 29 August, and 6 
October, and harvested 10 October. In 1981, plots were infested
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and planted 23 May, sampled for nematodes 16 June, 16 July, 14 August, 
and 14 September and harvested 24 September.
In a second field test in 1981, a row was selected with a high 
natural population of reniform (2700/250 cm3 on 8 April) but no 
detectable root-knot. The experimental design was a complete randomized 
block with four replications. Half of the plots were fumigated with 
1,3-dichloropropene (Telone II) at the rate of 46.7 1/ha with a fumigun. 
Root-knot infested soil and roots were added to give a level of 4000/250 
cm3 soil. Treatments included fumigation, nonfumigation, fumigation + 
root-knot, and nonfumigation + root-knot. Planting, soil sampling, and 
harvest dates were the same as for the first 1981 test. Vine growth was 
rated visually on 8 July on a 0-4 scale when vine growth in fumigated 
treatments reached the middle of the rows.'
In both 1981 tests, samples of small cull fleshy roots (<2.5 cm 
diam.) were pureed in a Waring blender, and nematodes and eggs were 
screened through 425 pm sieves onto 38 ym sieves, processed by sucrose 
centrifugal flotation, and stained with acid-fuschln-lactophenol. Also, 
larger marketable size fleshy roots were sliced in 0.5-1.0 cm sections 
and the number of mature root-knot females was counted. Samples from 
the first test consisted of 100 g random samples of small fleshy roots 
and 5 US No. 1 fleshy roots from each plot. In the second test, samples 
consisted of one hand-dug plant from each plot from which all small 
fleshy roots were extracted and all marketable fleshy roots were sliced.
The 1980 and first 1981 tests were analyzed as factorial 
experiments with two levels of root-knot (presence or absence), two 
levels of reniform (presence or absence), and 3 cultivars (1980 only). 
Nematode population data was analyzed also as a split plot over time
29
with two levels of root-knot and reniform, 3 cultivars (1980 only)» and 
4 sampling dates. The second 1981 test was analyzed as a factorial with 
two levels of fumigation (fum. and nonfum.) and two levels of root-knot 
(presence or absence).
RESULTS
1979 Field Test; There were no significant differences among 
cultivars for reniform populations. Travis had significantly higher 
root-knot counts in August (630/250 cm3 soil) than any other cultivar 
except Porto Rico (293/250 cm3). Porto Rico was not significantly 
different from any other cultivar. Nematode distribution was not uniform 
and significant differences in populations were found between 
replications. On 18 May* root-knot was detected in 5 of 36 plots and 2 
of 6 replications while reniform was found in all plots. Early season 
counts of root-knot or reniform were positively correlated with later 
counts of the same nematode, but negative correlations were found 
between early root-knot and subsequent reniform and between early 
reniform and subsequent root-knot counts (Table 1).
No significant differences for average total yield were found among 
cultivars. Porto Rico had a significantly higher percentage of fleshy 
roots with cracks (23%) than the other cultivars which ranged from 2 to 
8 percent.
1980 Field Test; Nematode population counts were not significantly 
different among cultivars, therefore data for the three cultivars were 
pooled (Fig. 1-A). Root-knot populations appeared to peak by 29 August 
and decline by 6 October whether alone or mixed with reniform, but 
root-knot was significantly lower in combination with reniform for both 
sampling dates. Reniform with root-knot was significantly higher in 
August than reniform alone, but by 6 October, differences were not 
significant. When data for each cultivar were considered separately, 
however, the apparent stimulation of reniform by root-knot in
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August was not significant. Control plots averaged 300 reniform and 7 
root-knot per 250 cc soil on the final sampling date. The interaction 
root-knot treatment x reniform treatment x month was significant for 
both reniform (P < .01) and root-knot (P < .03) counts in soil. No 
significant differences were found between egg counts for nematode 
treatments but nematode treatments had significantly more eggs than 
control plots in August.
There were no significant differences in yield among treatments 
(Table 2). Treatments including root-knot tended to have lower yields 
than treatments without root-knot. There were significant differences 
in yield among cultivars with Jasper the highest followed by Porto Rico 
and Goldrush. Root cracking associated with reniform, root-knot, and 
combined treatments was significantly increased over the controls (Table 
2).
1981 Field Test I; Reniform in the mixed population was 
significantly lower than reniform alone on 16 June and 14 August (Fig. 
1-B), but not significantly different on 14 September. Root-knot in 
mixed population was significantly lower than root-knot alone on the 
final sampling date. When analyzed as a split plot over time, the 
interaction reniform treatment x root-knot treatment x month was highly 
significant for the variable root-knot, but not for reniform. Egg 
counts for nematode treatments were not significantly different from 
each other but were significantly higher than controls on 16 July and 14 
August.
Yield differences (Table 3) were not significantly different 
between treatments and cracking was negligible. Nematode eggs and 
larvae extracted from cull fleshy roots were significantly higher in
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root-knot and reniform + root-knot treatments than control or reniform 
treatments. Staining made species Identification difficult but the 
majority of larvae In the root-knot treatments apparently were 
root-knot. Few mature root-knot females were found In fleshy root 
slices from marketable roots and no significant differences were found.
1981 Field Test II; Fumigated plots averaged significantly fewer 
reniform (9/250 cm3 soil) compared to 293 in nonfumigated plots one 
month after planting. In the nonfumigated treatment (Fig. 1-C), 
reniform increased rapidly in July, dropped slightly in August, and rose 
again in September. Reniform followed a similar pattern in the 
nonfumigated + root-knot treatment but was significantly lower on 14 
August and 14 September than the nonfumigated without root-knot.
Reniform in the fumigated plots increased in a linear fashion until, by 
the end of the season, counts were not significantly different from 
counts in the nonfumigated plots. Reniform in the fumigated + root-knot 
plots had similar counts the first two sampling dates, but by 14 
September was significantly lower than the fumigated without root-knot 
plots.
Root-knot larvae counts in the fumigated and nonfumigated plots are 
shown in Fig. 1-D. Counts in the nonfumigated plots were generally 
lower than counts in the fumigated plots with a significant difference 
only on 16 July. Egg counts in the fumigated + root-knot treatment for 
July and August averaged 2024 and 4732/250 cm3 soil, respectively, 
compared to 1065 and 2042 for the nonfumigated + root-knot treatment, 
but differences were not significant. Eggs and larvae from cull fleshy 
root samples and mature root-knot females in fleshy root slices were
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significantly higher in the fumigated + root-knot treatment than the 
nonfumigated + root-knot treatment (Table 4).
Yield differences were not significantly different (Table 4). The 
fumigated treatments had the higher yields and the nonfumigated + 
root-knot treatment the lowest. The nonfumigated + root-knot treatment 
had a significantly lower vine growth rating on 8 July than any other 
treatment. Significant cracking was found only in plots treated with 
root-knot whether plots were fumigated or not.
DISCUSSION
Significant negative correlations between early counts of one 
species and later counts of the other species in the study of reniform 
and root-knot population dynamics in a naturally infested field 
suggested that a competitive interaction was occurring. Reniform 
appeared to be the predominant species with root-knot mainly detected 
late in the season in relatively low numbers. In some plots, however, 
where root-knot was detected early in the season, root-knot counts were 
highest and reniform counts were lowest at the end of the season.
Reniform apparently became the predominant species when artificial 
infestation with relatively low levels of both species was used in 
controlled experiments In 1980 and 1981. In the final sampling for both 
years there was no significant difference between reniform counts alone 
or in the presence of root-knot. Root-knot was significantly suppressed 
by reniform at the end of the Beason. A significant statistical 
interaction over time indicates that the slopes of population 
development of each species alone were different from their concomitant 
development over the season. This occurred for both root-knot and 
reniform in 1980 and just for root-knot in 1981.
The effect of higher initial inoculum level is apparent in results 
of the second 1981 field test. In this test, root-knot counts in 
fumigated and nonfumigated plots were not significantly different the 
last two sampling dates, while reniform was significantly repressed by 
root-knot. The significant suppression of root-knot in the fleshy roots 
in this test and the lack of suppression in the first 1981 test
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probably reflects the relative difference In populations In the 
midseason samples.
The lack of significant yield differences among treatments may be 
attributed in part to the low Inoculum levels used in the 1980 and first 
1981 tests, and to failure of the soil fumigant used in the second 1981 
test to sufficiently reduce the initial reniform population. The 
production of sufficient reniform inoculum in the greenhouse was the 
limiting factor in determining inoculum levels in the field.
Significant reductions in sweet potato quality occurred in 1980 in 
the form of fleshy root cracking. These results support recent 
observations (9,12) that reniform can increase cracking as has been 
reported previously for root-knot (20). Cracking was not significant in 
1981 except in root-knot treated plots in test 2. Cracking is generally 
favored by dry soil conditions followed by relatively high soil moisture 
during the period of fleshy root enlargement (21). Soil moisture 
conditions in 1980 followed this pattern. In 1981, however, there were 
no prolonged dry periods. When soil moisture patterns are conducive to 
growth cracking, root-knot or reniform nematodes may greatly increase 
the amount of cracking obtained. When soil moisture conditions are not 
conducive, however, the presence of nematodes may not be sufficient in 
itself to cause cracking.
Of the cultivars used, all are considered susceptible to reniform 
with Goldrush the least suitable for reproduction and the most sensitive 
to damage (9). Jasper and Jewel have moderate root-knot resistance 
(13), but still support root-knot reproduction. When two species such 
as root-knot and reniform, both highly damaging to sweet potato, are
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found in the same field, cultivars resistant to just one species 
probably will be of little value.
The predominance of either root-knot or reniform in a field 
probably is directly related to aspects of their life cycles that allow 
one or the other to be more competitive at a specific time. It has been 
observed (4,9), for example, that reniform numbers in fallow soil may 
remain very high through the winter and early spring, while root-knot 
larvae commonly die out and may not be detected in early season soil 
samples. A low survival rate of root-knot and a high survival rate of 
reniform would favor the predominance of reniform in the field.
Root-knot is capable of producing many more eggs per egg mass than 
reniform. Reports have ranged from 30 to 200 for reniform (2,18) while 
root-knot can produce over 1000 (26). In areas where root-knot survival 
overwinter was high and it became well established early, then its 
higher reproductive capacity would favor it to predominate over 
reniform.
In conclusion, both root-knot and reniform are capable of 
suppressing each other in the field, and we have demonstrated both 
cases. Initial inoculum level appears to play a major role in 
determining which species will predominate. Whether or not sweet 
potatoes will be damaged more by a mixed infection of these two species 
than either species alone is not clear, but in our studies there has 
been no indication that damage was affected by mixed infection.
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Table 1. Field Test 1979. Pearson product-moment correlations (r) 
between initial population levels of Rotylenchulus renlformis (Rr) 
and Meloldogyne Incognita (Mi) .in a naturally infested sweet potato 







May Mi Ml .13 .58 .71**
Rr -.22 -.41** -.18
May Rr Mi -.13 -.32 -.46**
Rr .68** .36* -.15
*Signifleant at P * 0.05
**Signifleant at P ■ 0.01
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Table 2. Field Test 1980. Effects of Rotylenchulus renlformls (Rr) 
and Meloldogyne Incognita (Ml) on yield and fleshy root cracking of 
three sweet potato cultivars.
Treatment* Cultivar
Avg. Yield 
Fleshy Roots (kg/10 plants)
Percent
Cracking
Control Porto Rico 7.3 be2 13 de
Goldrush 4.3 ef 6 e
Jasper 9.7 ab 18 cd
Rr Porto Rico 7.3 be 33 ab
Goldrush 4.7 def 28 abc
Jasper 10.7 a 21 cd
Mi Porto Rico 6.9 cd 19 cd
Goldrush 3.0 f 20 cd
Jasper 7.7 be 27 abc
Rr + Mi Porto Rico 6.6 cde 23 bed
Goldrush 3.0 f 29 abc
Jasper 8.4 abc 36 a
*Plots artificially infested with 100 Mi or Rr per 250 cm3 in upper 30 
cm. Treatment means are averages of 4 replicates.
2Column means followed by same letter not significantly different 
(F ■ 0.05) according to Duncan's new multiple range test.
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Table 3. Field Test I 1981. Effect of Rotylenchulus renlformls (Rr) 
and Meloldogyne Incognita (Ml) on yield, fleshy root cracking and 














Control 212.2 a 0.2 a 34 b 0 a
Rr 10.8 a 0.3 a 111 b 0 a
Ml 10.9 a 0.5 a 1676 a 3 a
Rr + Mi 11.1 a 0.7 a 965 a 2 a
1Plots artificially infested with 100 Mi and/or Rr per 250 cm3 In upper 
30 cm. Treatment means are averages of 6 replicates.
2Column means followed by same letter not significantly different 
(P * 0.05) according to Duncan's new multiple range test.
3Includes eggs, root-knot, reniform, and saprophytic species.
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Table 4. Field Test II 1981. Effects of fumigation and artificial 
Meloldogyne incognita (Mi) infestation on yieldt fleshy root cracking, 
and nematode counts in cull and marketable fleshy roots of Porto Rico 














Fum. 10.2 a2 3 b 258 b 0 b
Nonfum. 8.3 a 6 b 358 b 0 b
Fumi. + Mi 9.4 a 22 a 3968 a 9 a
Nonfum. + Mi 7.5 a 25 a 956 b 3 b
Plots fumigated with 1,3-dichloropropene (46.7 1/ha) and infested 
with 4000 Mi per 250 cm3 in upper 30 cm. Treatment means are 
averages of 4 replicates.
2Column means followed by same letter not significantly different 
(P = 0.05) according to Duncan'b new multiple range test.
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Fig. 1 A-D. Concomitant population dynamics of R. reniforrois (RR) 
and M. incognita (MI) on sweet potato. A) 1980 test and B) 1981 test 
fumigated with methyl bromide and artificially infested with low levels 
(100/250 cm3) of RR and/or Ml. C) R. reniformis and D) M. incognita 
populations in second 1981 teBt in plots naturally infested with high 
levels of RR, fumigated with 1,3-dichloropropene, and artificially 
infested with high levels of MI (4000/250 cm3). S “ single species, X 
*= mixed infection, NF “ nonfumigated, FM ■ fumigated.
II. EFFECTS OF CONCOMITANT DEVELOPMENT ON 
REPRODUCTION OF MELOIDOGYNE INCOGNITA 
AND ROTYLENCHULUS RENIFORMIS ON SWEET POTATO
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ABSTRACT
The influence of various factors on reproduction of concomitant 
Meloidogyne incognita (Mi) and Rotylenchulus reniformis (Rr) on sweet 
potato were studied in the greenhouse. Reproduction of Rr was reduced 
by Mi with all inoculum levels and experiment durations used, while Ml 
reproduction was not inhibited. Rr + Mi failed to affect each other 
when inoculated simultaneously onto root systems developed in separate 
pots from different nodes of the same plant. Reproduction of each 
species was higher but not significantly so, when inoculation of the 
second species was delayed 1-2 weeks compared to simultaneous 
inoculation. After shoot excision, Rr increased in the soil but Mi 
decreased. Fibrous root weights of plants inoculated with Rr + Mi 
frequently were higher than those inoculated with Mi alone, Indicating 
an early suppression of Mi and/or root stimulation by Rr. Drought 
stress delayed Rr egg hatching and movement of larvae into the soil, but 
had little effect on Mi reproduction. Key words: Ipomoea batatas,
root-knot nematode, reniform nematode.
46
INTRODUCTION
Meloidogyne incognita (Kofold & White) Chitwood and Rotylenchulus 
reniformis Linford and Oliveira are frequently found in the same field 
attacking the same host (1,7,11,15). Several authors have observed that 
reniform was the most abundant species in a field while root-knot 
remained at low population densities (2,4). Little information is 
available on their possible interactions on a particular host.
Greenhouse studies on tomato and cowpea on concomitant reproduction were 
apparently contradictory in their results but indicated that each 
species might be capable of Inhibiting the other (10,11,14). Root 
tissue reactions of cowpea remained unique even when the different 
genera were feeding in close proximity (13).
Recently we showed that both R. reniformis and M. incognita were 
capable of inhibiting each other in the field on sweet potato. Species 
predominance was dependent mainly on the initial Inoculum level of M. 
incognita. The objective of this research was to study various factors 




Sweet potato cultivars used in this study were 'Centennial* and 
'Porto Rico', both susceptible to R. reniformis and M. incognita. In 
each experiment one terminal vine cutting, pruned of leaves, was planted 
per 15-cm clay pot containing approximately 1250 cm3 1:1 sand-soil 
mixture.
Inoculum of a Louisiana population of M. incognita (Race 1) was 
increased on 'Rutgers' tomato, and eggs were harvested 45 days after 
inoculation (8). Eggs were extracted similarly from a Louisiana 
population of R. reniformis increased on 'Centennial' sweet potato (5). 
Reniform larvae and young adults for inoculum were extracted by sieving 
and Baermann funnel. Inoculum was pipeted around the base of the 
cuttings in a 10-20 ml volume of water. The experimental design for 
each test was a complete randomized block with 4-6 replications.
At the termination of an experiment, plant roots and soil were 
removed from each pot, and the soil was shaken gently from each root 
system and mixed thoroughly. Nematodes were extracted from 500 cm9 of 
soil from each pot using a semiautomatic elutriator and centrifugal 
flotation (3,9). Adhering soil was washed from the roots, and fresh 
weights were determined for fibrous and fleshy roots and tops. Eggs 
were extracted from root systems with 0.525% sodium hypochlorite for 4 
minutes and processed by sieving and centrifugal flotation. Numbers of 
nematodes per pot were determined by multiplying the number per 500 cm3 
by 2.5 and adding the result to the number of hatched larvae extracted 
from the root systems with the eggs.
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RESULTS
Effect of Inoculum level and harvest date; 'Centennial* sweet 
potato cuttings were planted and inoculated 9 June 1979 with 500 or 2000 
M. incognita and/or R. reniformis eggs and harvested after 46 and 78 
days. Reniform reproduction was significantly reduced in the presence 
of root-knot at both inoculum levels and both harvest dates compared to 
reniform alone (Table 1). Root-knot per pot and eggs per root system 
were not affected significantly by the presence of reniform. Fibrous 
roots of plants inoculated with the lower level of both species weighed 
significantly more than those inoculated with root-knot alone after 46 
dayB, but not at 78 days nor at the higher inoculum level.
Effect of R. reniformis inoculum level on M. incognita;
'Centennial' cuttings were planted and inoculated 2 August 1979 with 0, 
500, 2000, 4000, and 10,000 R. reniformis eggs and 2000 M. incognita 
eggs. Plants were harvested after 44 days. Reniform reproduction 
increased with increasing inoculum level. Reniform did not 
significantly affect the number of root-knot larvae or the number of 
eggs recovered.
Effect of species isolation in double rooted Bystems; 'Centennial' 
cuttings were grown in 710 cm9 square plastic freezer containers taped 
together in pairs. Root systems were developed in separate containers 
from different nodes of the same plant. Plants were planted 27 January 
1980 and inoculated 30 January with 4000 M. incognita and/or R. 
reniformis eggs and 18 February with 2000 additional M. incognita eggs. 
Plants were harvested after 70 days.
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Neither species significantly affected the reproduction of the other in 
the double rooted system (Table 3).
Effect of watering method: Watering treatments consisted of 1)
adding water daily to the approximate water holding capacity of the 
soil, and 2) allowing plants to reach the wilting point and then 
watering to capacity. The water holding capacity of the sand-soil 
mixture was 15.6% and daily water loss was estimated gravlmetrically. 
'Porto Rico* sweet potato cuttings were planted and inoculated 9 
September 1980 with 10,000 M. incognita eggs and/or R. reniformis larvae 
+ young adults. Plants were harvested after 94 days. Reniform was 
significantly inhibited by root-knot in both watering treatments (Table 
4). In the reniform alone treatment, water stress inhibited egg 
hatching and movment of larvae out of the egg mass into the soil. The 
percentage of total reniform larvae and young adults extracted from the 
roots in the reniform alone treatment was 12% with water stress and 2% 
in nonstressed. Total reniform reproduction was similar in these two 
treatments but eggs accounted for 41% of total reproduction with water 
stress and 9% in nonstressed. Significant interactions were found 
between reniform and root-knot treatments and between reniform and 
watering treatments for reniform in the soil and in the roots.
Root-knot reproduction was not significantly inhibited by reniform in 
water stressed or nonstressed treatments. Water stress apparently had 
no affect on root-knot hatching and movement into the soil. Water 
stress tended to reduce root weights in all treatments. There was a 
tendency for fibrous root systems to have higher weights with 
concomitant inoculation than with root-knot alone in the nonstressed
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treatment but differences were obscured by a tendency of some plants to 
produce fleBhy roots at the expense of fibrous roots and vice versa.
Effect of sequential Inoculation: 'Porto Rico* sweet potato
cuttings were planted 13 June 1980 and Inoculated 22 June, 30 June and 7 
July with 5000 or 2000 M. Incognita eggs and on 22 and 30 June with 5000 
R. reniformis larvae + young adults. Plants were harvested 92 days 
after last Inoculation. Reniform reproduction was Inhibited by 
root-knot when the latter was inoculated simultaneously, or 1-2 weeks 
following reniform, but the inhibition decreased the longer root-knot 
inoculation was delayed and at the lower inoculum level (Table 5). 
Root-knot larvae and total egg production was not significantly 
inhibited by reniform, but counts were lowest with simultaneous 
inoculation and increased when reniform inoculation was delayed. There 
were no significant differences in root weight between treatments.
Effect of shoot excisioni 'Porto Rico' cuttings were planted 6 
February 1981 and inoculated 6 days later with 9500 M. incognita eggs 
and/or 2600 JR. reniformis larvae + young adults. After 60 days the 
first harvest was made and tops were excised at the soil line from half 
the remaining plants to simulate field harvest effects. New shoots were 
removed as they emerged. Subsequent harvests of excised and nonexcised 
plants were made at 70 and 92 days. Reniform reproduction was 
significantly inhibited by root-knot in both excised and nonexcised 
treatments at 70 and 92 days (Fig. 1A). Reniform increased in the soil 
following shoot excision, but peaked and then declined in nonexcised 
plants. At 92 days, reniform in single species, excised plants was 
higher than in single species nonexcised plants. Root-knot larvae in 
nonexcised plants were not inhibited by reniform (Fig. IB). Excision
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significantly reduced larvae in the single species inoculation at 70 
days and in the mixed inoculation at 92 days. At 60 days* more eggs 
were found for root-knot alone than the concomitant infection, but at 70 
and 92 days, more eggs were found in the nonexcised concomitant 
infection (Fig. 1C). When shoots were excised, egg counts declined.
Egg counts for reniform alone were 18,053 the first harvest, and 
declined to 4040 and 2177 at 70 and 92 days in the nonexcised plants, 
and 1380 and 568 in the excised plants. At 92 days, higher root weights 
were found for the nonexcised concomitantly infected plants (19.1 g) 
than for nonexcised root-knot alone (6.3). Shoot excision resulted in 
significant root weight losses in all treatments and no difference was 
found between root-knot and concomitant treatments (both 3.1 g).
DISCUSSION
In controlled field experiments we found that reniform and 
root-knot were both capable of inhibiting each other* and becoming the 
predominant species in a sweet potato field. Reniform predominated when 
field plots were inoculated with low levels of root-knot but not with 
high levels. Negative correlations between initial and final 
populations in a field naturally infested with both species also 
supported this observation. Our greenhouse experiments have 
consistantly shown that reniform reproduction was inhibited in 
concomitant infections with root-knot on sweet potato. Root-knot 
reproduction, in contrast, was not significantly inhibited by reniform.
Reniform reproduction was significantly reduced by root-knot with 
all Inoculum levels and experiment durations used. Presence of water 
stress, Inoculation with reniform 2 weeks prior to root-knot, and shoot 
excision also had little effect on inhibition of reniform by root-knot. 
Reniform was not inhibited in a double root system, suggesting that the 
mechanism of inhibition does not involve a translocatable substance, as 
postulated on the basis of tomato split root experiments in which 
Pratylenchus penetrans was inhibited by M. incognita (6). In the 
sequential inoculation study, reniform was inhibited less when it 
preceeded root-knot by two weeks, and when root-knot was applied at the 
lower inoculum level. This implies that the levels of root-knot used 
may have to be extremely low, or the time of root-knot inoculation 
delayed for longer times to prevent reniform inhibition. The increase 
in reniform numbers in the soil following shoot excision (which 
presumably speeds root decay) may be similar to what occurs in the
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field following harvest. He have observed that reniform is able to 
survive between crops in high numbers in the soil. In greenhouse tests, 
typically the majority of the population was found in larval or young 
adult stages in the soil rather than as eggs on roots.
In most tests, root-knot larval or egg counts were not 
significantly different between root-knot inoculated and concomitantly 
inoculated treatments, regardless of Inoculum level or length of time. 
The majority of the root-knot population was generally found In the egg 
stage and in much higher numbers than reniform eggs. While root-knot 
and reniform eggs can not be distinguished, the assumption can generally 
be made that the majority of the eggs in concomitant treatments are 
root-knot eggs. In most tests, equivalent numbers of root-knot and 
reniform were used for inoculum, which probably gave root-knot the 
advantage because of its higher reproductive capacity. When the 
root-knot inoculum level was kept constant and reniform was Increased, 
the highest reniform level resulted in the lowest final root-knot 
counts. Also, in sequential inoculation tests, delaying reniform 
inoculation one week resulted in higher root-knot reproduction than 
simultaneous inoculation. While these differences were not significant, 
these trends may indicate a small degree of root-knot inhibition by 
reniform. Tests using larger differentials between root-knot and 
reniform inoculum levels need to be conducted to confirm this. In the 
field, root-knot counts decrease rapidly in the soil over winter, and by 
spring planting may fall to undetectable levels. Shoot-excision 
resulted in a decline in root-knot larvae and eggs recovered. The low 
survival rate of root-knot and the high survival rate of reniform create 
a large differential between Initial inoculum levels at planting.
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This is probably the main factor that allows reniform to predominate in 
the field, but we found that root-knot build up was significantly 
inhibited by reniform.
Interactions of root-knot and reniform can not be interpreted fully 
without considering their effects on the plant. As root-knot increases 
in a greenhouse pot on sweet potato, it will eventually become 
self-limiting as roots begin to die, and number of feeding Bites 
decline. This destructive effect on the root-system may also be an 
important part of the mechanism by which root-knot inhibits reniform. 
Reniform is usually not as damaging and probably takes longer to become 
self-limiting. Reniform treatments frequently had slightly higher 
weights than noninoculated controls signifying possible root 
stimulation. In several tests, we found significantly higher fibrous 
root weights with concomitant infection than with root-knot alone. This 
can be interpreted in several ways: 1) Reniform causes significant root
growth stimulation that prevents root destruction by root-knot. 2)
There is an inhibition of early generations of root-knot by reniform 
that slows the rate of root-destruction and is not significantly 
manifested in later root-knot population counts. 3) There may be a 
combination of both factors. Evidence for root-stlmulatlon by reniform 
was found in the watering method test. Root weights in water-stressed 
concomitant infections were the same as for root-knot infections. In 
non-stressed treatments, where reniform hatching and movement were not 
inhibited, the highest root weights occurred in concomitant treatments 
and the lowest in root-knot treatments.
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Whatever the mechanism, the effect of reniform may be to delay the 
time when root-knot becomes self-limiting. In the shoot excision test, 
higher root weights in concomitant infections than root-knot infections 
apparently resulted in significantly higher egg counts in nonexcised 
plants. The root growth effect did not occur in all tests and can 
apparently be overcome by higher root-knot Inoculum levels or with time. 
No stimulation of root-knot population or sweet-potato yield was 
observed in the field.
Greenhouse tests could not all be conducted at the same time of 
year and uncontrolled variables such as temperature, light intensity, 
photoperiod, and watering and fertility levels affected both nematode 
reproduction and plant growth. Nevertheless, the results and trends we 
have discussed were generally consistent.
In summary, greenhouse studies showed that reniform was Inhibited 
and root-knot became predominant in concomitant Infections of sweet 
potato. The higher reproductive capacity of root-knot and its 
destructive and self-limiting effect on the root-system are probably of 
major importance in Inhibiting reniform. These studies failed to 
confirm field observations that reniform can inhibit root-knot probably 
because root-knot levels used were too high. Higher root weights in 
concomitant treatments than root-knot treatments may indicate an early 
suppression of root-knot and/or root stimulation by reniform.
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Table 1. Effect of Inoculum level and harvest date on Centennial sweet potato fibrous root weight and 
reproduction of Rotylenchulus reniformis (Rr) and Meloidogyne incognita (Mi) alone and in combination 












Control 4.4a2 8.8a 50d 69b 4c 128b 603b 765c
Rr-500 4.6a 3.7b 11,504b 102,165a 0c 90b 4132b 17,580bc
Rr-2000 4.3a 2.7b 27,335a 89,773a 0c 103b 11,810b 15,780bc
Mi-500 2.5b 2.3b Od 428b 29,800ab 77,463a 175,200a 141,080ab
Mi-2000 1.8b 1.2b Od 0b 48,745a 91,425a 171,840a 148,675a
Rr + Mi-500 3.9a 2.7b 4,400c 22,530b 23,250bc 49,370ab 165,600a 137,190ab
Rr + Mi-2000 2.1b 0.9b 2,225c 20,760b 34,425ab 32,420ab 86,200ab 98,380abc
^Treatments inoculated with 500 or 2000 Rr and/or Mi eggs per 15 cm pot. Treatment means are averages of 
4 replicates.
2Column means followed by same letter not significantly different (P = 0.05) according to Duncan's 
multiple range test.
Table 2. Effect of varying levels of Rotylenchulus reniformis (Rr) on Meloidogyne incognita (Mi)
reproduction after 44 days on Centennial sweet potato.
Treatmentx 
Rr Level Mi Level
Fibrous Root 
Weight (g) Rr/pot Mi/pot
Eggs/ 
Root system
0 0 4.3b2 213c 31b 0b
0 2000 4.8b 56c 11,871a 36,400a
500 2000 7.0a 4,663b 11,746a 47,867a
2000 2000 5.6ab 17,138a 17,625a 48,800a
4000 2000 7.2a 25,850a 17,363a 56,500a
10,000 2000 5.4ab 27,788a 5,938a 42,200a
^Treatments inoculated with Rr and or Mi eggs in 15 cm pots at levels shown. Treatments are averages of 
4 replicates.
2Column means followed by same letter not significantly different (P - 0.05) according to Duncan's 
multiple range test.
Table 3. Reproduction of Rotylenchulus reniformis (Rr) and Meloidogyne incognita (Mi) concomitant on the
same host plant but on separate root systems of Centennial sweet potato vines for 70 days.
Treatment^
Fibrous Root 
Weight (g) Rr/pot Mi/pot
Eggs / 
Root system
NI/NI 2.8/2.3 — — —
Rr/NI 2.3/2.0 21,580 — 7210
Rr/Mi 3.7/2.1 20,364 37,360 9412/48,720
Nl/Mi 1.8/1.5 — 38,010 23,700
Rr/Rr 2.8/3.1 24,940/30,460 — 9607/5440
Mi/Mi 1.5/1.4 — 42,075/34,560 65,243/43,167
Treatments applied to lower/upper root system on vines are averages of 4 replications. N1 = 
noninoculated. Treatments inoculated with 4000 Mi and or Rr eggs and additional 2000 Mi eggs 19 days 
later. All treatments of same species were not significantly different from each other (F * 0.05).
Table 4. Effect of watering method on sweet potato fibrous root weight and reproduction of Rotylenchulus 
reniformis (Rr) and Meloidogyne incognita (Mi) alone and in combination.
Treatment*
Fibrous Root 




Control 14.8ab2 81c 76b 267b
Rr 18.4a 79,995a 225b 8,180b
Mi 11.9ab 58c 11,810a 17,430b
Rr + Mi 20.6a 26,303b 5,775ab 10,740b
Stressed
Control 4.3b 83c 19b 62b
Rr 5.3b 53,605a 520b 37,900a
Mi 3.7b 208c 12,215a 11,430b
Rr + Mi
:— r— - -- -
3.5b 15,220b 10,490a 6,180b
plants were watered to capacity when plants reached wilting point. Treatments were inoculated with 
10,000 Mi eggs and/or Rr larvae + young adults, and harvested after 94 days. Treatments are averages 
of 4 replicates.
'Column means followed by same letter not significantly different (P = 0.05) according to Duncan's 
multiple range test.
Table 5. Effect of simultaneous and delayed inoculation of one nematode species on reproduction of a 
second species on Porto Rico sweet potato.
Time & Level of Mi Inoculation^ Rr
Simultaneous 1 Week Following Rr 2 Weeks Following Rr Alone
5000 2000 5000 2000 5000
Rr/pot 19,000b2 19,650b
Time
18,200b 24,975b 29,670b 
of Rr Inoculation^
54,200a
Simultaneous 1 Week Following Mi
Mi
Alone
Mi/pot 20,905a 31,225a 48,975a
Eggs/root system 28,720a 34,850a 45,840a
Treatments inoculated with 5000 or 2000 Mi eggs and/or 5000 Rr larvae + young adults and harvested 107 
days after first inoculation. Treatments are averages of 4 replicates. Mi = Meloidogyne incognita,
Rr = Rotylenchulus reniformis.
2Row means followed by same letter not significantly different (P - 0.05) according to Duncan's multiple 
range test.
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Fig. 1 A-C. Effect of Bhoot excision and harvest date on 
concomitant population dynamics of Rotylenchulus reniformis (Rr) and 
Meloidogyne incognita (Mi). A) Rr, B) Mi, and C) Mi and Mi + Rr egg 
counts at 60, 70, and 92 days after inoculation. S “ single species, X 
■ with concomitant species, NEX ■ shoot not excised, EX ■ shoot excised 
at 60 days. Treatments are averages of 6 replicates.
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